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Background. Information theorists note the anticorrelation between genetic and morphological diversity 
(prokaryotes with the greatest genetic diversity display the least morphological diversity).  Biologists note that a 
comparatively small set of component biopolymers (e.g., collagen, cellulose and chitin) are responsible for an 
enormous diversity in mesoscale structure.  Both these information science and biological analyses emphasize 
the importance of “excitable” media: mesoscale structure emerges in response to the set of spatiotemporal cues 
that induce interactions among “excitable” components.  We hypothesize that stimuli-responsive self-assembling 
biological polymers (i.e., excitable media) can be guided to form complex but reconfigurable hydrogel structures 
if the stimuli that cue their polymer-polymer interactions can be controllably imposed. 
 
Stimuli-Responsive Self-Assembling Biopolymers as “Excitable” Media.  Biology is a rich source of polymers 
(e.g., proteins and polysaccharides) that can be cued to reversibly self-assemble in response to external stimuli. 
Organizing Structure through Electrical Signals. Imposed electrical stimuli provide a versatile means to guide the 
emergence of hierarchical organization.1  Specifically, an imposed electric field provides a driving force for 
charged biopolymers (e.g., proteins and polysaccharides) to migrate and align to form oriented and anisotropic 
mesoscale structure.  In addition, electrode-induced reactions can yield gradients in concentration (e.g., in pH) 
which can, in some cases, induce self-assembly.  The best-studied example of biopolymer electrodeposition is 
the cathodic deposition of the pH-responsive aminopolysaccharide chitosan through a neutralization mechanism 
(the high pH adjacent to the cathode induces chitosan’s sol-gel transition).  The versatility of electrical signals is 
illustrated by two studies.  First, when the electrical input was provided in an oscillatory fashion, a segmented 
hydrogel structure emerged with the segment regions controlled by the “ON” signal and the boundary regions 
controlled by the “OFF” signal.2  Second, when chitosan’s electrodeposition was performed in 2 steps with low 
salt in the first step and high salt in the second step, a Janus structure emerged with one face being dense and 
non-porous and the other face being highly porous.3  
 
Creating Patterns through Additive Manufacturing.  Advances in 3D printing allow chemical stimuli to be 
imposed to induce spatiotemporally controlled transitions in: interaction mechanisms, structure, and properties. 
For instance, printing of acidic SDS micellar 
solutions onto a chitosan film yielded adjacent 
regions that were crosslinked through different 
physical mechanisms: one region is 
crosslinked by electrostatic interactions 
between SDS and cationic chitosan chains 
while an adjacent region is crosslinked through 
crystalline network junctions of neutral 
chitosan chains.4  These gradients in structure are stable due to a structure-induced shift in pKa but these 
crosslinking mechanisms can be reversibly switched. 5 
 
Conclusion.  Nature provides materials and mechanisms to create dynamically reconfigurable materials.  The 
challenge is to understand and control the set of low energy interactions responsible for structure and function. 
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